Purpose: The purpose of this study is to evaluate the incidence and the degree of peritumoral edema on MRI in meningioma and to correlate other MR findings withtheedema.
INTRODUCTION
Despite the fact that cerebral edema has been known to be associated with meningioma, its mechanism remains poorly understood. Many aspects of this tumor , such as the size , location , histology and vascularity have been analyzed as possible influential factors in the development of edema (1 -11) . In previous reports , computed tomography (CT) had been used to evaluate the area of peritumoral brain edema but recently , magnetic resonance image(MRI) is widely used. T2 -weighted MR images clearly demonstrate the border between the tumor and peritumoral brain edema (PTBE). Despite this , there has been only one report (2) wh ich used mainly CT scans and partially MRI scans to evaluate the edema in meningioma. In th is study we retrospectively reviewed the MRI scans of 35 patients with intracranial meningiomas , and correlated the presence and degree of edema with other MR findings that might induce PTBE in meningiomas.
MATERIALS and METHODS
MR findings of 35 patients with pathologically -proved men ingiomas were retrospectively reviewed . In 24
Journal of the Korean Radiological Society, 1994 : 31 ( 4) : 593 -599 patients , cerebral angiography was done using the standard Seldinger' s method. The patients consisted of 12 men and 23 women ranging from 30 to 74 years old in age.
The MR images were obtained with a 1.5 Tesla unit (Toshiba 200 FX 11 , Japan). The FOV was 25 cm. The slice thickness/gap was 7.5 mm/1.5 mm. Acqu isition matrix was 256 X 224. Number of excitation (NEX) was two for both T1 -weighted images (T1 wl) and T2WI.
Spin echo (SE) sequences with various repetition time (TR) and echo delay times (TE) were used. Each examination involved the use of T1-weighted (SE , 400/15) , Proton -density -weighted (SE, 2500/30) and T2 -weighted (SE , 2500/80) scans. Axial , sagittal , and coronal images were obtained. T1 WI with contrast enhancement were obtained following the i 미 ection of Gadolinium (Gd) -DTPA (0.1 mmol/Kg body weight, Magnevist, SChering , Germany) in all patients.
Edema was graded as absent, mild or minimal (extending less than 1 cm from the outer margin of the mass) , moderate (extending 1 to 3cm with mild mass effect or midline structure shifting) , and severe (extending more than 3 cm with marked mass effect or midline structure shifting). We correlated the edema with (Fig. 1) . Three cases had minimal edema in spite of large size There was a significant correlation between the size and edema (r=0.5909 , p=0.0002).
Location
Ten masses located in the tuberculum sellae and the planum sphenoidale showed no PTBE in 6 cases (60 % ) (Fig. 2) . Remaining four masses (40 %) had edema of various degrees ; mild (3 masses , 30 %) and moderate (1 mass , 10 %) PTB E. Five masses were seen in the Fig. 1 . A 43-year.old man with a man ingioma in leftlrontal convexity a. Axial T2WI shows a mass 01 iso-or slightly high signal intensity (arrows) with severePTBE b. Gd-enhanced T1WI demonstrates a hom-。 geneous enhancement olthe tumor Seung Jae Li m, et a/: Analysis of Peritumoral Edema in MRI of Meningioma cerebellopontine angle (CPA) area, of which only two masses showed mild edema (40%). Seventeen masses were located in the convexity , ofwhich 16 masses (94%) had edema of various degree; mild (5 cases , 29 % ), moderate (8 cases , 47%) (Fig. 4) , and severe (3 cases , 18%) PTBE (Fig. 1) . Two masses were noted in the tentorium , of which one mass had severe edema and the other had moderate edema. A mass located in the olfactory groove had moderate edema.
Heterogeneous Signallntensity of Tumor Twelve of 22 meningiomas (54%) with heterogeneous signal intensity on T1WI orT2WI showed moderate (8 masses, 36%) (Fig. 4) or severe (4 masses , 18%) ( Fig. 1 ) PTBE , while only two of thirteen meningiomas with homogeneous signal intensity showed moderate to severe PTBE(16%). There was a highly significant correlation between the heterogeneous signal intensity of mass and edema (r=0.6531 , p=0.0001)
Heterogeneous Enhancement
On Gd -DTPA enhanced images , heterogeneous enhancement was seen in 20 masses but homogeneous enhancement in the other 15 masses. 18 of 20 mas-ses (90%) with heterogenous enhancement had variable degrees of PTBE ; mild (7 One of four masses (25%) with no vascularity on angiography showed mild PTBE. Ten of 12 masses (83%) showing dural blood supply from both cerebral and meningeal vessels showed PTBE of more than moderate degree (Table 3 ). There was a significant correlation between hypervascularity on angiography and edema(r=O.4348 , p=O.0102) . 
DISCUSSION
Meningioma is the most common extraaxial neoplasm , accounting for 15% of all intracranial tumors (12) . Typical meningioma shows markedly homogeneous enhancement with no or minimal amounts of PTB E. Vasogenic edema within the white matter of the brain is a common feature of intraaxial masses such as glioma, metastasis , and abscess. However, vasogenic edema of varying amounts can occur around meningioma in up to 75% of cases (13 , 14) . In our cases edema was seen in 25 of 35 cases (72%). Several factors have been known to influence the development of PTBE. Large meningioma usually is associated with larger PTBE than smaller one (5 -7, 10, 11). In our cases , there was a significant correlation between the mass size and the edema extent. It was considered to be due to marked compression ofthe brain tissue. But Smith (1 이 reported the small meningiomas associated with profound edema involving the whole hemisphere. He explained that the edema depends upon the rapid growing rate of mass rather than upon the size of tumor. One of our cases had severe PTBE in spite of its small size (Fig. 1) . Go (6) and Stenvens (11) described that meningiomas of the frontal and the sphenoid ridge were associated with larger PTBE than those of other areas In our series, nine frontal meningiomas were also frequently' associated with PTBE (75%) (Fig. 1, 3, 4) . Infratentorial meningiomas had a tendency to cause little PTB E. This was due probably to early detection of mass or to less amount of white matter in posterior fossa. Masses involving 이 factory groove and the parasagittal convexity had prominent PTB E. This was due probably to a late detection of mass and greater amount of white matter. Masses involving the tuberculum sellae and the planum sphenoidale showed no PTBE in 60%. Remaining masses (40%) , however, had PTB E. This was due probablyto becaused by involvi ng the adjacent sinus.
Gilbert (5) reported that there was no relationship between the histological subtypes of meningiomas and the degree of PTBE. Several authors (1 , 2, 6, 8) , however, pointed out a clear positive relationship between the súbtypes and PTBE. Inamura (1) stressed that meningothelial and transitional types had a tendency to be associated with larger PTB E. In our cases , there was no direct relationship between subtypes of the meningiomas and PTBE. Smith et al (1 이 reported biologic features of meningiomas determining the production of cerebral edema on the basis of microscopic features. Actually he verified the influence of mitosis and invasion to adjacent brain tissue on the cerebral edema.
Drape (16) described that aggressive or malignant meningiomas showed a heterogeneous signal intensity due to necrosis, hemorrhage or intratumoral cyst. And these findings were thought to be due to the tumor out-growing its own blood supply(p<0.01). Our results showed the heterogeneity of masses to be highly correlated with PTBE (p< 0.001).
The margin of tumor might be one of the influential factors of PTB E. The irregular or mushroom -like margin of masses have a tendency of aggressiveness involving the adjacent brain tissue. Drape et al (16) suggested that an irregular enhancing outline represented aggressiveness. Our results , however, showed no correlation
We also thought that the heterogeneous enhancement of mass depended upon degrees of tumor neovascularity , hemorrhage and necrosis. Heterogeneity of contrast enhancement was not related to signal intensity because tumor neovascularity was a main contributor for contrast enhancement
The dural tail enhancement seen in meningiomas is known as either tumor infiltration into or inflammatory reaction of adjacent dura (17) . There was no significant correlation between edema and dural tail enhancemen t.
There has been several reports concerning positive correlation between the vascularity of meningiomas on angiography and the extent of PTBE (3 , 10, 11) . In our studies , masses with angiographic hypervascularity had prominent PTBE , while avascular masses on angiography had no or minimal PTB E. Inamura et al (1) reported the correlation between PTBE and the vascular supply from the cerebral and meningeal ci rculation They stressed that the vascular supply from cerebral arteries may have an influence on the extensive peritumoral cerebral edema. Our results showed the significant correlation between cerebral arterial supply and peritumoral cerebral edema (p < 0.05) Phillippon et al (8) claimed secretary -excretory activities of constituting cells of meningioma on the basis of their electron microscopic observations , and the Journal of the Korean Radiological Society, 1994 ; 31 ( 4 ); 593-599 nature of this secretion was discussed. Cooper et al (21) reported that is이 ated brain tumor cells produced prostaglandin E2 and thromboxane B2 with the highest production in meningiomas. PTBE is vasogenic , and prostaglandin E2 and thromboxane B2 , both of which are derived from arachidonic acid , are known to cause brain edema by increasing vascular permeability (19 , 20) . Shinonaga et al (9) described that the degree of macrophage infiltration in meningiomas was well correlated with the extent of PTB E. Prostaglandin E2 , prostacyclin and leukotriens, synthesized and secreted by macrophages , may play a major role on producing PTB E.
In conclusion , the peritumoral edema ofmeningioma is considered to be related to heterogeneous signal in- 
